Objectives: The serum concentration of brain-derived neurotrophic factor (BDNF) was compared among patients with Parkinson's disease (PD), patients with essential tremor (ET), and healthy participants, and its association with clinical features of PD and ET was assessed. Methods: Demographic and clinical data were collected from 60 patients with PD at different clinical stages, 60 patients with ET, and 60 controls. All participants' serum BDNF concentrations were measured. Their motor abilities and activity were assessed by the Unified PD Rating Scale and the Hoehn and Yahr (H-Y) staging scale. Results: Serum BDNF was significantly lower in patients with PD than in patients with ET and controls. BDNF decreased only in the early disease stages (H-Y stages I and II), but increased markedly in the advanced stages (H-Y stages III-V). There was no significant difference between patients with ET and controls. The BDNF concentration was negatively correlated with age at PD onset and positively associated with disease duration, severity of PD symptoms, and treatment with L-DOPA. Conclusions: A low serum BDNF concentration may serve as a biomarker in the early stages of PD, whereas a high concentration with PD progression may be due to treatment with L-DOPA in the advanced stages.
Introduction
Parkinson's disease (PD) is a very common neurodegenerative disease characterized by gradual, irreversible loss of nigral dopaminergic neurons and perturbation of striatal circuits involved in motor control. 1 The etiology of the dopaminergic neuron loss is not fully known. It is postulated that the degeneration of dopaminergic neurons may be attributed to an inadequate supply of neurotrophic factors. The neurotrophin family is a group of highly related secreted proteins that play important roles in proliferation, differentiation, and survival of specific neurons in the brain. 2 This family includes neurotrophins 3, 4/5, and 6; nerve growth factor; and brain-derived neurotrophic factor (BDNF). BDNF, as a key member of the neurotrophin family, is essential for normal development of the nervous system as well as synaptic plasticity and neuronal survival in the adult brain. 3 Additionally, BDNF prevents damage to dopaminergic neurons by restoring their functions, suggesting that it may serve as a potential therapeutic intervention for PD. 4 Essential tremor (ET) is a prevalent neurological disorder characterized by an action tremor that occurs during voluntary motion and that primarily affects the upper limbs. 5, 6 However, its etiology is also unclear. PD and ET are the two most common movement disorders. Tremor is defined as a rhythmic, involuntary oscillatory movement of the body that is associated with brain activity. 7 Most patients with PD exhibit the tremor-dominant type, which shows symptomatic overlap with ET. ET is generally regarded as a benign, symptomatic, motor tremor disorder without involvement of the sensory system. However, this concept has been challenged. Increasing data are showing that ET may be a heterogeneous neurodegenerative disease because of its progression across time and lack of remission. 8, 9 In patients with ET, the tremor may be asymmetric and associated with rigidity and bradykinesis. However, some patients with PD also show hyperkinetic and postural tremor. Therefore, the differential diagnosis between PD and ET is difficult in some patients. No specific physiological or biological markers have yet been identified, and no reports have described the serum BDNF concentration in patients with ET.
In patients with PD, decreased levels of BDNF mRNA and protein have been observed in several brain regions, such as the striatum, substantia nigra, cerebellum, and frontal cortex. [10] [11] [12] In an organotypic culture model of PD, BDNF prevented oxidopamine-induced death of dopaminergic neurons. 13 Another study showed an in vivo protective role of BDNF in a primate parkinsonian model induced by 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP). In that study, BDNF was delivered simultaneously or before administration of MPTP into the cisterna magna by an osmotic pump.
14 As a result, BDNF decreased neuronal loss and delayed onset of parkinsonism, implicating an obvious protective role. Moreover, brain tissue in the nigrostriatal dopamine regions of patients with PD exhibited a markedly reduced BDNF concentration relative to control subjects. 15 However, there are some conflicting reports on the peripheral concentration of BDNF in patients with PD. While some studies have shown a reduction in the concentration of serum BDNF in patients with PD, 11, 15 others have shown an increased BDNF level in patients with advanced PD. 16 Several researchers have speculated that these discrepancies were due to possible compensatory effects of drug treatments in patients with PD. 17 Therefore, to further examine the involvement of BDNF in patients with PD and ET, we compared the serum concentration of BDNF among patients with PD, patients with ET, and healthy participants and assessed its association with clinical variables in patients with PD versus ET.
Methods

Participants
Baseline characteristic and clinical data were gathered from patients with PD and patients with ET at the Department of Neurology of Changzhou No. 2 People's Hospital affiliated with Nanjing Medical University from May 2013 to October 2015. Additionally, healthy individuals were recruited as controls. This study was approved by the ethics committee of both hospitals. Written informed consent was obtained from all participants.
All patients were diagnosed with PD according to the United Kingdom Parkinson's Disease Society Brain Bank Criteria and with ET according to the NIH Essential Tremor Consortium. 18, 19 The exclusion criteria were delirium, dementia, comorbid neurological or psychiatric disease, and a history of neurosurgery or brain injury.
Instruments
All patients with PD were assessed using the Unified Parkinson's Disease Rating Scale (UPDRS) and the Modified Hoehn and Yahr (HY) Staging Scale. The UPDRS is widely used to assess different PD components. 20 It includes three subscales: UPDRS Section I (mentation, behavior, and mood, with a score ranging from 0 to 16), UPDRS Section II (activities of daily living, with a score ranging from 0 to 52), and UPDRS Section III (motor examination, with a score ranging from 0 to 108). A total score of 176 indicates maximal disability and 0 indicates no disability. Patients with PD were classified into five stages according to the HY scale for body distribution of symptoms and life dependence. Patients with stage I PD are slightly influenced, but those with stage V PD are completely bedridden. 21 Based on these H-Y staging criteria, patients with PD in the present study were classified into three clinical subgroups: the mild group (H-Y stages 1 and II), moderate group (H-Y stage III), and severe group (H-Y stages IV and V).
Blood sampling and biochemical examination
In total, 5 ml of peripheral blood was collected between 8:00 and 9:00 AM the morning prior to clinical assessment and following an overnight fast. Blood samples were transferred into non-anticoagulated tubes and then set aside for clot formation at room temperature for 1 hour. The serum was obtained by centrifugation at 1620 relative centrifugal force for 15 minutes and then stored at À80 C until assay. The serum concentration of BDNF in patients and controls was detected using sandwich BDNF enzyme-linked immunosorbent assay (ELISA) kits (DuoSet; R&D Systems, Minneapolis, MN, USA) following the manufacturer's instructions.
The concentration of BDNF is presented as the equivalent of human recombinant protein. The limit of detection was set at 20 pg/ ml. Data are presented as pg of protein per ml of serum. All measurements were repeated twice. Samples from patients and controls were simultaneously analyzed in the same ELISA templates. The variability among measures was monitored by utilizing four samples with a known concentration of BDNF. The mean inter-assay precision, which is presented as the variation coefficient, was approximately 8%. 
Statistical analysis
Results
Clinical characteristics of participants
The study sample comprised 180 participants: 60 patients with PD (32 male, 28 female), 60 patients with ET (31 male, 29 female), and 60 healthy controls (29 male, 31 female). The patients' demographic characteristics are shown in Tables 1 and  2 . The age (mean AE standard deviation) of the controls was 59.5 AE 14.9 years (range, 25-85 years), that of patients with ET was 58.8 AE 14.3 years (range, 20-84 years), and that of patients with PD was 62.5 AE 9.9 years (range, 45-83 years). The age of onset in patients with PD was 55.
Based on the UPDRS scores, the severity of symptoms was moderate in most patients with PD. The mean H-Y stage 
Serum BDNF concentration in patients with PD and ET and its association with clinical features
As shown in Figure 1, (Table 3) . Next, we carried out an association analysis between the serum BDNF concentration and the clinical features of PD. Interestingly, we found that the serum BDNF concentration was associated with the age at onset, disease duration, severity of impairment as assessed by the UPDRS score, H-Y stage, and treatment with L-DOPA, but not with age (Table 4 , Figure 2) . Considering controls as H-Y stage 0, we further analyzed the correlations between the serum BDNF concentration and different H-Y stages. As shown in Table 5 , the serum BDNF concentration was not correlated with H-Y stages 0 to V or III to V, but instead with H-Y stages I to V and 0 to II. Additionally, our data suggested that the serum BDNF concentration in patients with ET was not associated with disease duration or age (data not shown).
Discussion
BDNF is involved in the modulation of neuronal survival and differentiation in the brain. There is evidence that BDNF exerts trophic effects on dopaminergic neurons and that a decrease in the BDNF Figure 1 . Serum brain-derived neurotrophic factor (BDNF) concentrations (pg/ml) (mean AE SEM) in control subjects, patients with Parkinson's disease (PD) and patients with essential tremor (ET). *p < 0.05, PD versus Control or ET. Control ¼ control subjects, PD ¼ Parkinson's disease, ET ¼essential tremor. concentration is associated with dopaminergic neuronal loss in patients with PD. 3 Moreover, BDNF prevents damage to dopaminergic neurons by stimulating their function. Collectively, our results suggest that a low serum BDNF concentration may serve as a potential blood biomarker in the early stages of PD, whereas a high serum BDNF concentration with PD progression may be due to treatment with L-DOPA in the advanced stages of PD.
In our study, the serum BDNF concentration in patients with PD was lower than that in patients with ET and control individuals. Consistent with our data, low serum BDNF concentrations in patients with PD have also been observed in several other reports. 11 However, some studies have also shown an increased BDNF concentration. 16 These conflicting results might be attributed, at least in part, to differences in the severity of PD. Moreover, no significant alterations in the BDNF concentration were found in patients with ET compared with control participants, suggesting that the pathophysiology of ET is less involved in the insufficient supply of neurotrophic factors. This is the first study to date to assess the association of the serum BDNF concentration with the clinical features of PD and ET. Our results indicate that a higher serum BDNF concentration in patients with PD is correlated with a longer disease history and more severe symptoms. Our correlation analysis showed that the serum BDNF concentration is associated with early but not advanced disease stages. This appears paradoxical because we expected a low BDNF concentration to occur with the progression of PD. The mechanisms underlying this condition are unclear. In one study, the levels of c-Fos and BDNF were increased in the dopamine-depleted subthalamic nucleus of L-DOPA-treated rats. 22 Moreover, several lines of evidence suggest higher serum BDNF concentrations in patients with PD exhibiting severe motor impairment at advanced stages. 16 The increase in the BDNF concentration as PD progresses might be correlated with L-DOPA treatment, which promotes the function of the dopamine system in the advanced stages of PD. Thus, such an increase might be regarded as a mechanism of neuronal protection. 16 Additionally, there is evidence that L-DOPA administration causes the release of BDNF from corticostriatal fibers and upregulates the expression of dopamine D3 receptors, eventually exerting beneficial symptomatic effects. 17, 23 These results support the notion that the low serum BDNF concentration in the early stages of PD is associated with the disease itself, whereas the increased concentration in the advanced stages may due to treatment with L-DOPA.
This study has several limitations. First, the small sample size (especially for patients in advanced stages of PD) limits the generalizability of our findings. Other limitations include the lack of ethnic diversity and the measurement of the serum BDNF concentration at one time point rather than at multiple time points. 
Conclusions
In conclusion, we found that the serum BDNF concentration was lower in patients with PD than ET and controls. The serum BDNF concentration decreased only in the early stages of PD, but increased markedly in its advanced stages. The BDNF concentration was positively associated with the disease duration, severity of PD symptoms, and treatment with L-DOPA. Collectively, our results suggest that a low serum BDNF concentration may serve as a potential blood biomarker in the early stages of PD, whereas a high serum BDNF concentration with PD progression may be due to treatment with L-DOPA in the advanced stages of PD. The relationship between the serum BDNF concentration and other factors influencing PD awaits further investigation.
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